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di:taiu:i) dhscription 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the crucible used in order to support the crucible 
which holds melting material directly in the equipment which pulls up single crystals, such as a semiconductor material, with 
the Czochrlski method especially about the crucible for single crystal raising which consists of carbon fiber strengthening 
carbon material, and its manufacture method, and its manufacture method. 
[0002] 

[Description of the Prior Art] Although there are various methods in a crystal-growth method, it is carried out in equipment as 
the Czochralski method represented by the Czochrlski method as one mentioned, for example, shown in drawing I . 
[0003] In the crystal raising equipment shown in drawing 1 , the crucible 10 for crystal raising for holding a raw material melt 
to the core is arranged in a chamber 1 8. The side attachment wall on which, as for the crucible 10 for crystal raising, a side 
attachment wall encloses cylinder-like quartz crucible 10a and it consists of cylinder-like carbon material crucible 10b. Quartz 
crucible 10a has fitted in in carbon material crucible 10b. The heater 12 of a resistance heating formula and the heat insulating 
mould 14 made from a graphite are arranged in the shape of a concentric circle on the outside of the crucible 10 for crystal 
raising. The solution 1 3 of a raw material is held in the crucible 10 for crystal raising. A solution 13 is prepared by fusing the 
raw material of a predetermined weight at a heater 12. On the medial axis of the crucible 10 for crystal raising, the raising rod 
16 which can rotate at predetermined speed is formed in the direction shown by the arrow in drawing, and seed crystal 15 is 
attached at the nose of cam. The crucible 10 for crystal raising is supported with the crucible support shaft 17 which can rotate 
to this direction or an opposite direction about the same shaft as the raising rod 16. A single crystal 1 1 can be grown up by 
contacting seed crystal 15 on the front face of the prepared solution 13, and rotating a crystal according to the growth, and 
pulling up up. 

[0004] When pulling up the single crystal of semiconductor materials, such as silicon, in equipment which was mentioned 
above, a carbon material crucible supports from an outside the quartz crucible which became an elevated temperature and was 
softened. Such a carbon material crucible tends to receive a damage according to various factors which are described below. 
[0005] When single crystal raising work is completed and a crucible is cooled, a tensile stress mainly acts on a carbon 
material crucible at the hoop direction of a crucible. This originates in carbon material having a bigger coefficient of thermal 
expansion compared with the quartz which constitutes an inside crucible. By the way, this stress damages a carbon material 
crucible, and shortens the life of a crucible. Moreover, when the semiconductor material which remains at the pars basilaris 
ossis occipitalis of a quartz crucible after single crystal raising, for example, silicon, is solidified by cooling, volume expands. 
Stress which the pars basilaris ossis occipitalis of a crucible damages by the way acts with this expansion. The crucible to be 
used is also major-diameter-ized and these problems are becoming much more remarkable in connection with it as 
major-diameter-ization of a semiconductor wafer progresses. 

[0006] There is a method of dividing and using a crucible for lengthwise as a method of easing the tensile stress which acts on 
the hoop direction of a carbon material crucible. This method has a fixed effect about relief of a tensile stress. However, the 
problem of the stress by the expansion which acts when the material which remains at the crucible pars basilaris ossis 
occipitalis solidifies was not what is fully solved by this method. 

[0007] Moreover, a new trouble is arising by dividing a carbon material crucible. It softens and the quartz crucible which held 
the melting semiconductor material blisters outside with the weight of a semiconductor material, or the self-weight of a 
crucible. Consequently, each part material of the carbon material crucible which is supporting the quartz crucible tends to fall 
down outside. Local stress acts on a parting plane in that case. This causes local breakage of a parting plane, and a life fall of 
a crucible. 

[0008] Furthermore, the steam of a fused semiconductor tends to adhere to the parting plane of a carbon material crucible, 
and it is easy to generate a compound to it. For example, if a fused semiconductor is Si, in a parting plane, it will be easy to 
generate a SiC compound. Since the coefficients of thermal expansion of this compound and carbon material differ, when 
cooling a crucible, the portion which the compound generated tends to exfoliate. 

[0009] On the other hand, using carbon fiber strengthening carbon material is also proposed as the quality of the material of a 
carbon material crucible prepared in the outside of a quartz crucible (refer to JP, 3-43250, Y, the utility model registration No. 
3012299 official report, and JP,9-263482,A). Carbon fiber strengthening carbon material has the large intensity of a grain 
direction, and may have the intensity which bears the stress to generate. However, by the following reasons, such conventional 



technology does not indicate practical technology and has a problem which is described below. 

[0010] JP, 3-43250, Y indicates the crucible for single crystal raising of the structure which combined the side-attachment-wal! 
portion which consisted of cylinder-like carbon fiber strengthening carbon material, and the plinth portion of the pars basilaris 
ossis occipitalis which consisted of graphite material. Moreover, the utility model registration No. 3012299 official report 
constitutes the R section which follows the body section of a crucible from it from a carbon fiber strengthening graphite 
composite material, and indicates the crucible for silicon-single-crystal raising of the structure which combined it with the 
pars basilaris ossis occipitalis which consists of graphite material. No these crucibles combine the member which consists of 
at least two kinds of quality of the materials, and do not use carbon fiber strengthening carbon material for the pars basilaris 
ossis occipitalis. In these crucibles, the crucible pars basilaris ossis occipitalis which consists of graphite material does not 
have sufficient intensity to the stress resulting from the expansion at the time of solidification of the material mentioned 
above. Moreover, the crucible which combined two or more members has the problem that a reaction with the steam of 
melting material tends to occur in a parting plane as mentioned above, and ablation of a resultant takes place. 
[001 1] JP,3 -43250, Y suggests constituting the whole crucible by carbon fiber strengthening carbon material again. After this 
official report's twisting the continuation tow of the carbon fiber which sank the initial condensate of furfuryl alcohol into the 
mandrel of a crucible configuration in the shape of helical one, carrying out forming hardening and removing a mandrel, the 
method of manufacturing a crucible is indicated by calcinating under an inert atmosphere and carbonizing matrix binding 
material. However, this official report will not indicate at all whether a practical crucible is obtained, if what winding is 
performed concretely. It is not easy to, obtain the pars basilaris ossis occipitalis of suitable intensity by such filament winding 
method as a matter of fact. If the pars basilaris ossis occipitalis formed [ how a pars basilaris ossis occipitalis is formed 
concretely and ] such again is not having it indicated the intensity of which it has, this contractor cannot manufacture at all the 
crucible of the carbon fiber strengthening carbon material which has a suitable pars basilaris ossis occipitalis. For example, 
the utility model registration No. 3012299 official report mentioned above presupposed that it is not necessary to produce the 
crucible which was united to the pars basilaris ossis occipitalis since it is very difficult to fabricate a crucible pars basilaris 
ossis occipitalis by carbon fiber strengthening carbon material, the pars basilaris ossis occipitalis and the other portion were 
prepared separately, and the method of combining it is adopted. 

[0012] JP,9-263482,A also indicates constituting the whole crucible from carbon fiber strengthening carbon. This official 
report indicates the crucible which makes the crucible inside as an example the carbon fiber strengthening carbon material 
which used the carbon fiber cross layered product or the carbon fiber felt layered product, and is made into the carbon fiber 
strengthening carbon material which fabricated the crucible outside by the filament winding method. This official report 
indicates the crucible which combined two or more members which consist of carbon fiber strengthening carbon material as 
another example again. However, this official report will not be indicated at all about whether the crucible which has suitable 
intensity is obtained, either, if what process performs a filament winding method concretely. Generally, it is difficult to 
constitute the crucible pars basilaris ossis occipitalis which has suitable intensity by the filament winding method, and if the 
concrete conditions for it are not shown, it is very difficult [ it ] for this contractor to manufacture the carbon fiber 
strengthening carbon material crucible which has desirable intensity by the filament winding method, as mentioned above. 
Moreover, if a crucible is divided into two or more members, a problem which was mentioned above will arise. 
[0013] The crucible which consists of carbon fiber strengthening carbon material is expected as what can respond to 
enlargement of a crucible, and various proposals are made as mentioned above, however, the conventional technology does 
not offer technology useful about the structure and its manufacture method of a very practical jar The conventional technology 
is not indicating practically manufacture conditions [ what structure and ] the intensity of which is required, and in order to 
obtain such intensity, are concretely desirable at all. The actual condition is that the proposal of the very practical crucible 
which fully demonstrated the property of high intensity and carbon fiber strengthening carbon material called lightweight 
nature, and its manufacture method is not made yet. 
[0014] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the carbon material crucible which has 
the intensity or structure stress by the expansion at the time of material solidification, such as a tensile stress generated in the 
crucible hoop direction mentioned above, being borne. 

[001 5] The whole is the crucible which consists of carbon fiber strengthening carbon material, and the further purpose of this 
invention is offering what has sufficient intensity and can be manufactured easily lightweight. 

[0016] The further purpose of this invention is offering the practical structure and the manufacture method of a crucible which 

consist of carbon fiber strengthening carbon material. 

[0017] 

[Means for Solving the Problem] The crucible by this invention is a carbon fiber strengthening carbon material crucible for 
single crystal raising which has the body section really connected with the round-head pars basilaris ossis occipitalis which 
has the pole at the center, and it indivisible. The material organization for which the whole has the organization of the carbon 
fiber strengthening carbon material formed of the filament winding method, and constitutes this round-head pars basilaris 
ossis occipitalis Have the laminated structure of the carbon fiber arranged by the filament winding method, and to the 
laminated structure of the carbon fiber in this round-head pars basilaris ossis occipitalis The carbon fiber strengthening carbon 
material which the carbon fiber which passes along the orbit which is separated from a medial axis in various distance, 
respectively is intermingled, and constitutes a crucible is bulk density 1 .0g [/cc ] or more and 300 kg/cm2. It is characterized 
by having the above flexural strength. The carbon fiber strengthening carbon material which constitutes the round-head pars 



basilaris ossis occipitalis of a crucible especially is bulk density l.Og [/cc ] or more and 300 kg/cm2. It is desirable to have the 
above flexural strength. 

[001 8] In the crucible by this invention, the carbon fiber which passes along the orbit which is separated from a medial axis in 
various distance, respectively can form the laminated structure of the carbon fiber annularly arranged around a medial axis, 
and the distance between a medial axis and the carbon fiber arranged annular can change gradually to the radius of the body 
section, or its near in this laminated structure. Although it originally is not limited, an annular configuration has desirable 
polygon or round shape of eight or more square shapes, if the homogeneity of the thickness of the jar which gets when the 
winding of the filament of a carbon fiber is carried out, surface irregularity, and the ease of carrying out of a winding are 
taken into consideration. However, there is little number of times of a winding, and when it is not necessary to take into 
consideration about the homogeneity of thickness etc., even if it is the polygon and ellipse form from three square shapes to 
seven square shapes, it does not interfere. 

[00 1 9] In the crucible by this invention, it is desirable to use a carbon fiber cross for the boundary portion of a round-head 
bottom and/or a round-head bottom, and the body section. 

[0020] In the crucible by this invention, the body section can contain the carbon fiber arranged in the horizontally almost 
perpendicular direction and/or the direction which received horizontally and was leaned at an angle of predetermined of a 
crucible, and the carbon fiber arranged in the horizontal almost parallel direction. 

[002 1 ] The whole is the crucible of one apparatus which consisted of carbon fiber strengthening carbon material, and the 
crucible by this invention can fully demonstrate the feature of high intensity and lightweight nature. By constituting a crucible 
from carbon fiber strengthening carbon material which has structure, bulk density, and flexural strength which were 
mentioned above, this invention person could fully demonstrate the feature of high intensity and lightweight nature, and has 
found out that the crucible suitable for practical use can be offered. 

[0022] Especially this invention person found out that the crucible pars basilaris ossis occipitalis which has suitable intensity 
could be constituted by devising the winding method of a carbon fiber filament. Namely, the manufacture method by this 
invention is set to the method of manufacturing the carbon fiber strengthening carbon material crucible for single crystal 
raising which has the body section really connected with the round-head pars basilaris ossis occipitalis which has the pole at 
the center, and it indivisible using a filament winding method. It faces rolling on a mandrel the carbon fiber to which binding 
material was made to adhere, and piling up, and is characterized by having the process which keeps away gradually the orbit 
of the carbon fiber which should constitute a round-head pars basilaris ossis occipitalis from the 
pars-basilaris-ossis-occipitalis pole or its near. 

[0023] It is desirable to increase gradually the carbon fiber by which the distance from the medial axis which passes along the 
pars-basilaris-ossis-occipitalis pole is rolled on the same orbit as the distance between this orbit and this 
pars-basilaris-ossis-occipitalis pole becomes large in the process which keeps away gradually the orbit of the carbon fiber 
which should constitute a round-head pars basilaris ossis occipitalis from a manufacture method by this invention from the 
pars-basilaris-ossis-occipitalis pole or its near. 

[0024] Moreover, in the process which keeps away gradually the orbit of the carbon fiber which should constitute a 
round-head pars basilaris ossis occipitalis from a manufacture method by this invention, using the strand which consists of 
two or more filaments as a carbon fiber from the pars-basilaris-ossis-occipitalis pole or its near, it is desirable to use more 
strands of the number of filaments as the distance between this orbit and this pars-basilaris-ossis-occipitalis pole becomes 
large. 

[0025] Furthermore, since the thickness of the Plastic solid obtained in the manufacture method by this invention is adjusted, 
the process which sticks a carbon fiber cross can be used for the portion which should constitute the border area of the portion 
and/or round-head pars basilaris ossis occipitalis which should constitute a round-head pars basilaris ossis occipitalis, and the 
body section. 
[0026] 

[Embodiments of the Invention] Each portion of the crucible by this invention can be defined as follows. The body section 21 
is [ in / a crucible 20 / with reference to drawing 2 ] a portion which is making the cylinder-like configuration mostly 
including the upper limit of a crucible 20. The round-head pars basilaris ossis occipitalis 22 is really connected with the body 
section 2 1 indivisible, and plugs up opening in the end of the body section 21. The front face of the round-head pars basilaris 
ossis occipitalis 22 is making the spherical-surface-like curved surface in general. The pole 23 in the round-head pars basilaris 
ossis occipitalis 22 points out the intersection of such a curved surface and the medial axis 24 of a crucible, and is the peak of 
a spherical-surface-like curved surface. The body section 2 1 and the round-head pars basilaris ossis occipitalis 22 are 
constituted by the material which the crucible 20 by this invention follows. 

[0027] There are mainly the following two methods among the methods of generally manufacturing the crucible which 
consists of carbon fiber strengthening carbon material. 

[0028] (1) After the strand which bundled the filament-winding-method usual carbon fiber filament is immersed in the 
binding material of hypoviscosity which consists of thermosetting resin, a solvent, etc., twist the strand to which binding 
material adhered around the mandrel which has a crucible configuration, and fabricate in a required crucible configuration. 
Then, it is the Plastic solid obtained after performing heat curing at the temperature of 100-300 degrees C and removing a 
mandrel N2 It carbonizes at the temperature of about 1000 degrees C in inert gas, such as gas. Phenol resin, a tar pitch, etc. 
are infiltrated after carbonization if needed, it heats at the temperature of 1500 degrees C or moreTand graphitization is 
performed. The crucible obtained according to the graphitization process is usually heated in temperature of 1 500 to 2500 
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degrees C, high grade-ized processing is performed, and the crucible which consists of carbon fiber strengthening carbon 
material is obtained. 

[0029] (2) Obtain the crucible which performs heat curing, carbonization, graphitization, and high grade-ized processing like 
a filament winding method, and consists of carbon fiber strengthening carbon material after sticking a hand-lay-up-method 
carbon fiber cross on a crucible type and producing a Plastic solid. 

[0030] In order that it is easy to control the intensity of a crucible, and the price of a hand lay up method of a carbon fiber 
cross may be high and it may generally make a manufacturing cost high by controlling the direction of a carbon fiber by the 
filament winding method, in this invention, a filament winding method is mainly used. However, if a hand lay up method is 
used by this invention if needed, control of the thickness of a Plastic solid becomes easy and the crucible which has more 
desirable organization and more desirable intensity can be obtained. 

[003 1 ] There are a Poral volume method and a whoop volume method in how to roll the carbon fiber in a filament winding 
method fundamentally. Those typical ways of winding are shown in drawing 3 and drawing 4 , respectively. Drawing 3 shows 
the signs of a Poral volume that the orbit which passes along the pole was taken. It is the bottom plan view showing typically 
signs that the carbon fiber rolled drawing 3 (a) and it has piled up, from the direction of a bottom, and drawing 3 (b) is the 
side elevation showing signs that it twists. In such a Poral volume, the carbon fiber 3 1 all passes along the pole 33 of a pars 
basilaris ossis occipitalis. By the whoop volume method shown in drawing 4 , a carbon fiber 3 1 is wound around an almost 
perpendicular direction (direction almost parallel to the horizontal direction of a crucible), i.e., a longitudinal direction, to the 
medial axis of a mandrel. 

[0032] Now, in a Poral volume as shown in drawing 3 , the thickness of the pars-basilaris-ossis-occipitalis pole or its near 
becomes large, and the thickness becomes small, the portion, i.e., the portion of the low LAT, which is distant from there. 
That is, the more it becomes the pole closely, the lap of a carbon fiber increases and, the more the thickness by it increases 
(the more it becomes high latitude), (the more) Especially, in the pole and its near, the configuration which rose by the 
piled-up carbon fiber is made. If the winding is further put on such a portion that rose, a crevice will come be made between 
the fiber and fiber which carried out the winding, and an opening will come to remain also in the stage which performed 
graphitization. Such a local increase in thickness and local formation of an opening are not desirable from the configuration of 
a crucible, and a strong point. Moreover, if it is going to carry out the winding of the carbon fiber to the portion which rose 
further, the situation where it becomes difficult for slipping of fiber to arise and to continue a winding will also be produced. 
[0033] If a winding is performed by such Poral volume method, the thickness of the portion (portion of the low LAT) which 
the thickness of the crucible per pole increased extremely, and was left, and the body section will become inadequate. If the 
winding is further piled up in such the state, slipping of fiber, the configuration which rose extremely, and an opening will 
occur. Therefore, it is difficult to obtain the crucible which has a suitable configuration and suitable intensity only by the 
Poral volume method which passes along the pole. 

[0034] On the other hand, the whoop volume shown in drawing 4 is suitable for giving uniform thickness to the thing of the 
shape of a cylinder like the crucible body section. However, about the thing of a configuration like a crucible pars basilaris 
ossis occipitalis, it is not suitable. 

[0035] Then, in this invention, the crucible which has a suitable configuration and high intensity is manufactured using the 
following processes. First, in the filament winding method, face piling up the winding of a carbon fiber, a carbon fiber is 
made to shift to the orbit which passes along the low LAT from the orbit passing through the pole or its near, and the winding 
is performed. That is, the orbit of the carbon fiber which should constitute the round-head pars basilaris ossis occipitalis of a 
crucible is gradually kept away from the pole or its near. Such an example of a way to roll is shown in drawing 5 and drawing 
6 . Also in which drawing, (a) is a bottom plan view and (b) is a side elevation. In drawing 5 , the carbon fiber 5 1 rolled by 
the filament winding method is twisted, without passing along the point on the medial axis containing the pole. The carbon 
fiber 51 twisted that the round-head pars basilaris ossis occipitalis of a crucible should be constituted is a diameter dl to the 
pole side. It is arranged in a circle so that an inscribed circle may be made. Therefore, a carbon fiber 51 is rolled in the pars 
basilaris ossis occipitalis through the orbit which separated only abbreviation d 1 / 2 from the medial axis. If such how to wind 
is performed, it can prevent a pole portion becoming extremely thick. As shown in drawing 5 , after performing the winding 
which passes along the orbit which only a predetermined distance separated from the medial axis, the distance from the 
medial axis of a winding orbit is changed, and the winding is performed. For example, as shown in drawing 6 , the distance 
from a medial axis shifts to a bigger orbit (orbit which passes along the low LAT), and a winding is performed. In drawing 6 , 
a carbon fiber 51 is arranged in a circle so that the inscribed circle of a diameter d2 (d2 > dl ) may turn on a pole side. The 
carbon fiber 51 passes along the orbit which is separated from a medial axis abbreviation d2 / 2. Thus, making it shift to the 
orbit which passes along the low LAT from the orbit which passes along high latitude, i.e., by keeping away the orbit of the 
carbon fiber which should constitute a pars basilaris ossis occipitalis from the pole or its near, it can prevent the thickness of a 
crucible becoming large locally (setting especially into a pole portion). The distance of the orbit of a carbon fiber and medial 
axis which should constitute a pars basilaris ossis occipitalis is changeable into various values according to the size and 
configuration of a crucible which should be manufactured. If many windings are piled up changing this distance gradually, 
dispersion in thickness can constitute a few crucible pars basilaris ossis occipitalis. Moreover, the crucible pars basilaris ossis 
occipitalis constituted by making it such comes to have desirable intensity. In addition, although the manufacture method of 
this invention is equipped with the process which keeps away the orbit of a carbon fiber from the pole or its near gradually as 
mentioned above at least, it may perform the winding which passes along the pole or its near before such a process and'or in 
the back. By [ which were mentioned above ] changing the distance from a medial axis in the composition of a crucible pars 
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basilaris ossis occipitalis like, and carrying out the winding of the carbon fiber, the laminated structure of the carbon fiber in 
which the carbon fiber which passes along the orbit which is separated from a medial axis in various distance, respectively 
was intermingled can be formed. Moreover, if the orbit of the carbon fiber which should constitute a pars basilaris ossis 
occipitalis is moved in a circle, changing the distance from a medial axis gradually as mentioned above, a carbon fiber can 
form the laminated structure annularly arranged around a medial axis, and the distance between a medial axis and the carbon 
fiber arranged annular can be gradually changed to the radius of the body section, or its near in such a laminated structure. 
[0036] Moreover, in the manufacture method of this invention, it is desirable to increase gradually the carbon fiber by which 
the distance from a medial axis is rolled on the same orbit as a winding is piled up to the orbit which passes along the low 
LAT from the orbit which passes along the pole or it (i.e., as the orbit of the carbon fiber which constitutes a pars basilaris 
ossis occipitalis is kept away from the pole or its near). For example, as shown in drawing 5 , it is a diameter dl . As shown in 
drawing 6 rather than the carbon fiber of the arrangement which can do an inscribed circle, it is a diameter d2. The direction 
with many carbon fibers of the arrangement which can do an inscribed circle is desirable. That is, it faces constituting the 
round-head pars basilaris ossis occipitalis of a crucible, and it is desirable to increase the number of carbon fibers with which 
the distance from the pole serves as the same arrangement as the distance between the carbon fibers and the 
pars-basilaris-ossis-occipitalis poles by which a winding is carried out becomes large. Depending on such how to wind, 
dispersion in the thickness of a round-head pars basilaris ossis occipitalis is further controllable. 

[0037] Furthermore, in this invention, it is desirable to make it shift to a carbon fiber strand with many filaments from a 
carbon fiber strand with few filaments as a winding is made to shift to the orbit which passes along the low LAT from the 
orbit which passes the pole or near the pole. For example, it is more desirable than the number of filaments of the carbon fiber 
used for a winding as shown in drawing 5 that there are more filaments of a carbon fiber used for the winding shown in 
drawing 6 . That is, about the carbon fiber which constitutes a bottom, it is desirable to use more strands of the number of 
filaments as the distance between the orbit of a winding and the pole becomes large. Dispersion in the thickness of a 
round-head bottom is further controllable with such a winding. 

[0038] Moreover, in this invention, it is desirable to use a carbon fiber cross if needed. A carbon fiber cross makes adjustment 
of the thickness of a crucible easy. As for especially a carbon fiber cross, it is desirable to use for the border area of a 
round-head pars basilaris ossis occipitalis and/or a round-head pars basilaris ossis occipitalis, and the body section. These 
portions are because adjustment of thickness is more difficult than other portions. Attachment of a carbon fiber cross can be 
suitably performed in one of stages before a winding at least while being after a winding and a winding. As attachment of the 
carbon fiber cross in a round-head pars basilaris ossis occipitalis is shown in drawing 7 and drawing 8 , it can be performed. 
At the process shown in drawing 7 , the carbon fiber cross 72 of a size suitable on the carbon fiber 71 by which the winding 
was carried out, and a configuration (for example, circle configuration which has a small diameter more suitably than the 
diameter of a body) is stuck. Such attachment can be easily performed by making binding material adhere to a carbon fiber 
cross, and putting on a predetermined portion. Furthermore, after performing a winding on the stuck carbon fiber cross, as 
shown in drawing 8 , a bigger (for example, circle configuration which has a bigger diameter) carbon fiber cross can be stuck. 
According to such a process, the thickness of a round-head pars basilaris ossis occipitalis can be secured, and dispersion in 
thickness can be controlled. The carbon fiber strengthening carbon material which has the laminating organization which the 
carbon fiber and the cross repeated in the round-head pars basilaris ossis occipitalis according to such a process can be 
brought about. The material which has such an organization can have higher intensity. 

[0039] Moreover, as shown in drawing 9 , pasting ****»» is desirable in the carbon fiber cross of the suitable size for the 
border area of a round-head pars basilaris ossis occipitalis and the body section, and a configuration. At the process shown in 
drawing 9 , two or more carbon fiber crosses 92 which have a predetermined size are stuck so that it may go around the jar set 
to the border area of the body section and a round-head pars basilaris ossis occipitalis. Such attachment can be performed by 
interrupting a winding and sticking two or more carbon fiber crosses at once. Moreover, you may repeat the process which 
performs a winding, sticking the cross of one sheet or two or more sheets instead of sticking the carbon fiber cross of 
predetermined number of sheets at once. Moreover, you may stick the carbon fiber cross 1 02 as shown in drawing 10 on the 
field between the body section and a round-head pars basilaris ossis occipitalis. This carbon fiber cross has the length which 
can go around the body section, and lobation is partially prepared so that the round-head pars basilaris ossis occipitalis which 
became small [ a diameter ] may be met well. Although it is desirable to stick a carbon fiber cross on the border area of a 
round-head pars basilaris ossis occipitalis and the body section, and a round-head pars basilaris ossis occipitalis as mentioned 
above, in order to adjust the jar thickness which meets the need, you may stick a carbon fiber cross on other portions. 
[0040] In the Poral volume mentioned above, when a carbon fiber passes along the pole, the carbon fiber of the body section 
is perpendicular to the horizontal direction of a crucible. On the other hand, the carbon fiber which passes along a 
predetermined distance remote orbit from the pole in a Poral volume leans at an angle of predetermined to the horizontal 
direction of a crucible. As for the carbon fiber in the body section, it is desirable that the carbon fiber by these Porals volume 
and the carbon fiber by the whoop volume mentioned above have piled up. The carbon fiber by the whoop volume is rolled 
between an angle and the almost parallel angle which inclined a little to the horizontal direction of a crucible. The whoop 
volume of the body section can be performed also in any in front of a Poral volume or after a Poral volume. Moreover, you 
may perform a Poral volume and a whoop volume by turns. Thus, the body section in which the carbon fiber of a whoop 
volume and a Poral volume is intermingled has the structure where the laminating of the carbon fiber arranged in the direction 
leaned at an angle of predetermined to the horizontally almost perpendicular direction and/or this horizontal direction of a 
crucible and the carbon fiber arranged in the direction almost parallel to this horizontal direction was carried out. 



[004 1 ] Especially the kind of carbon fiber used for this invention is not restricted, and any carbon fiber of a PAN system, a 
rayon system, and a pitch system can be used for it. If the intensity which can be used by the filament winding method is taken 
into consideration, a PAN system carbon fiber is more desirable. Although especially the diameter of a carbon fiber is not 
limited, either, if it takes into consideration preventing the fiber piece at the time of a filament winding, the thing more than 2 
micrometerphi is desirable. More than the viewpoint which prevents the fiber piece at the time of a filament winding to 1000 / 
strand of the number of filaments of the carbon fiber strand used are desirable. When climax of the pole and its near is 
furthermore taken into consideration, the thing of the range of 1000-200000 / strand is desirable. 

[0042] Organic binders containing phenol resin, such as thermosetting resin and a pitch, can be used especially for the binding 
material used for this invention, without being limited. 

[0043] The bulk density of the crucible material by this invention which has organization which it was manufactured 
according to a process which was mentioned above, and was mentioned above is 1 .0g/cc or more. Si02 generated from 
melting silicon during raising when raising a silicon single crystal to the opening which the opening increased in the material 
into which bulk density constitutes a crucible from cc in less than l.Og /, and was exposed especially to the front face Gas 
enters. Such gas reacts with carbon material and makes SiC generate. Originating in the difference of the coefficient of 
thermal expansion between a resultant and carbon material, a resultant exfoliates from carbon material and becomes the factor 
which reduces the life of a crucible. Although especially the upper limit of bulk density is not limited, considering that the 
density of a carbon fiber is usually about 1 .8g/cc or less, generally the bulk density of the crucible material of this invention is 
in the or more 1 .0 range of 1 .7g/cc or less. 

[0044] The flexural strength of the carbon fiber strengthening carbon material which constitutes the crucible by this invention 
is 2kg [ 300 //cm ]. It is above. Such flexural strength is expressed with the intensity when adding a perpendicular load to the 
direction of the main carbon fibers which usually constitute material. More desirable flexural strength is 400 kg/cm2. It is 
above. The flexural strength of the material which constitutes a crucible is 2kg [ 300 //cm ]. Possibility that breakage will arise 
that it is the following at the time of cooling after single crystal raising becomes high, and it becomes difficult to obtain a 
crucible with a more long life. 

[0045] In order to offer the practical carbon material crucible which has such intensity and bulk density, this invention uses a 
process which was mentioned above. In the process which shifts to the orbit which passes along the low LAT, the amount of 
shift can be adjusted according to the number of the carbon fiber filaments which constitute the number of the circumference 
which carries out the winding of the same orbit, and a strand from the orbit passing through the pars-basilaris-ossis-occipitalis 
pole or its near. For example, it is desirable to move an orbit from a high latitude side to a low LAT side so that the 
irregularity of the front face of the Plastic solid formed in a winding may be set to 5mm or less. The thickness of a Plastic 
solid has an equally [ as possible ] desirable bird clapper in the direction of the LAT of a round-head pars basilaris ossis 
occipitalis. Such a winding is performed, and especially, when the thickness of a Plastic solid is less than the thickness for 
which the thickness of the portion of the low LAT asks, it can adjust thickness by sticking a carbon fiber cross suitably. 
Although a winding can be performed on the orbit in a circle which only a predetermined distance separated from the medial 
axis and distance from a medial axis can be gradually enlarged as mentioned above for example, such a distance can be 
changed between five stages - 50 stages, corresponding to the size and configuration of a crucible which are formed between 
0 - body section diameters. For example, change of such a distance may make only fixed length increase gradually, and may 
make it increase gradually by the other correspondence. 

[0046] In addition, depending on the case, you may also use the process made to shift to the orbit which passes along the pole 
or its near from the orbit which passes along the low LAT as the winding of a carbon fiber is piled up. 
[0047] Moreover, a winding can be performed, making the number of times to which a carbon fiber goes the orbit with the 
same distance from the pole around increase as it shifts to the orbit which passes along the low LAT from the orbit passing 
through the pars-basilaris-ossis-occipitalis pole or its near. If a Poral volume is performed, it will be easy to become for a 
carbon fiber strand to gather mostly, consequently thicker [ the portion near the pole, i.e. the portion of high latitude, ] than 
the portion whose direction of the portion of high latitude is the low LAT generally. Even if it becomes the thickness for 
which the portion of high latitude asks, the thickness of the portion of the low LAT and the portion of the body section 
circumference may be insufficient. In such a case, the ununiformity of such thickness is cancelable by making the number of 
the circumference of the winding in the low LAT increase from the thing of high latitude. It is desirable to perform the 
increase in the number of the winding circumference so that the irregularity on the front face of a Plastic solid obtained, for 
example may not exceed 5mm. The augend of the number of the circumference can be determined according to the size of the 
strand of the carbon fiber to be used, the number of the filaments which constitute a strand, etc. By making the number of the 
circumference increase gradually, the thickness of the portion of high latitude and the portion of the low LAT can become 
almost equal. 

[0048] Furthermore in this invention, it faces shifting to the orbit which passes along the low LAT from the orbit passing 
through the pars-basilaris-ossis-occipitalis pole or its near, and can switch to a carbon fiber strand with many filaments from a 
carbon fiber strand with few filaments. The inclination which runs short of thickness in the portion of the low LAT by such 
change can be suppressed. The augend of the number of filaments can be set up according to the size of the carbon fiber 
strand currently used or the number of filaments, the amount of shift from high latitude to the low LAT. the number of the 
circumference by which the distance from the pole passes along the same orbit, the augend of the number of filaments — for 
example, it is desirable to set up so that the irregularity on the front face of a Plastic solid obtained may be set to 5mm or less 
By making the number of filaments increase gradually, dispersion in crucible thickness can be abolished and the round-head 



pars basilaris ossis occipitalis of equal thickness can be formed. 

[0049] If the process shown above and the process which sticks a carbon fiber cross are used together, adjusting [ of thickness 
] becomes more easy and thickness required for a predetermined portion can be brought about. Especially the method of 
sticking a carbon fiber cross on the border area of a round-head pars basilaris ossis occipitalis, and the body section and a 
round-head pars basilaris ossis occipitalis is a realistic and useful method. The 2-D cross and UD cross which were produced 
by various weaves can be used especially for a carbon fiber cross, without being restricted. Since the plain weave 2-D cross 
which made the continuation carbon fiber rectangular ****** especially has little anisotropy, it is desirable. Both a PAN 
system a rayon system and a pitch system can be used especially for the kind of carbon fiber which constitutes a cross, without 
being limited. From a strong viewpoint, the cross which consists of a PAN system carbon fiber is used more preferably. 
Thickness of the carbon fiber cross to be used can be set to 0. 1mm - 1 .0mm. 

[0050] By using the above manufacturing processes, surface irregularity is small, there are few openings in the interior and a 
front face, it has comparatively big bulk density, and a carbon material crucible with high intensity can be manufactured 
relatively. Hereafter, although an example explains this invention to a detail further, this invention is not limited to the 
following examples. 
[0051] 

[Example] The PAN system carbon fiber with a [raw material] diameter [ of 7 micrometers ] and a density of 1.77g [/cc ] used 
beforehand 3000 of three kinds of 6000 commercial carbon fibers bundled 12000, respectively. Every five of these carbon 
fibers were bundled, three kinds of strands whose numbers of filaments are 15000, 30000, and 60000, respectively were 
produced, and it was used for the winding. 

[0052] As a carbon fiber cross, the thing of marketing which made the PAN system carbon fiber plain weave was used. Both 
the warp and woof in a cross consisted of 6000 carbon fiber filaments. 
[0053] Commercial phenol resin was used as a binding material. 

What bundled the [general process] PAN system carbon fiber to five with roving equipment was used as the carbon fiber 
strand for a winding. The strand was introduced into the immersing tub in filament winding equipment, and phenol resin was 
made to adhere to a strand in a room temperature. The winding of the strand which made phenol resin adhere to the mandrel 
corresponding to the crucible configuration was carried out, and it fabricated in the predetermined configuration. The carbon 
fiber cross was stuck if needed the middle. The obtained Plastic solid was held in 200 degrees C for 3 hours in the 
atmosphere, and phenol resin was made to heat-harden. It is the Plastic solid which removed the mandrel after heat curing and 
was obtained N2 It carbonized by holding in 1000 degrees C for 6 hours in gas atmosphere. The Plastic solid which 
carbonized was made immersed in a phenol resin bath, and the resin was infiltrated. The process of the above-mentioned 
carbonization and phenol resin sinking in was repeated 3 times. After the last sinking-in process and N2 In 2000 degrees C, it 
held for 6 hours in gas atmosphere, and graphitization was performed. Subsequently, it held at 2000 degrees C for 6 hours, 
and high grade-ized processing was performed. The material of the carbon material crucible for single crystal raising was 
produced according to the above general process. 

[0054] The sample for a physical test was extracted in the position as shown in [physical test of material] drawing 1 1 . The 
sample 1 10 was extracted from the round-head pars basilaris ossis occipitalis of a crucible. The extraction position was 
between the pars-basilaris-ossis-occipitalis pole and the body section, and was a main position mostly in the crucible thickness 
direction. The shaft orientations of a sample were directions (radial) which go to the body section from a medial axis. The test 
piece of 5mmx5mmx50mm size was extracted, and the bulk density and flexural strength were measured. Measurement of 
flexural strength and bulk density is J I S except having considered size of a test piece as the above. R It applied to the 
physical-test method of 7222 high-purity-graphite materials correspondingly. That is, flexural strength is J IS. It measured 
using the bending tester specified to B7733 (compression tester). Repeatedly, after it asked for the volume, it was **(ed) by 
the volume which calculated the value of dry weight, and was taken as bulk density, until it measured mass immediately, 
moved it during the air bath again, it cooled for every hour, and it measured mass and reached constant weight in this, after 
bulk density maintained the test piece in the 105-1 10-degree C air bath for 2 hours, cooled this in the desiccator and reached 
the room temperature. 

[0055] In the general process which carried out [example 1] **'*, attachment of a winding and a carbon fiber cross as shown 
below was performed, and the carbon material crucible for single crystal raising was produced. 

[0056] First, after performing the winding by the whoop volume about the body section and considering as suitable thickness, 
as shown in drawing 1 2 , a winding which carries out the winding of the carbon fiber strand 1 6 times, and goes around a 
mandrel pars basilaris ossis occipitalis was performed. The diameter of the inscribed circle which the 
pars-basilaris-ossis-occipitalis pole takes the lead, and is produced inside the strand by which the winding was carried out at 
this time was 30mm. After this winding was completed, the center was stuck for the carbon fiber cross which is 50mmx50mm 
almost according to the center of an inscribed circle with a diameter of 30mm. Attachment was performed by putting on the 
back predetermined portion which made binding material adhere to a cross. 

[0057] Subsequently, the winding around which it goes by 16 times of windings was performed so that the diameter of the 
inscribed circle made inside might be set to 60mm. Then, the 80mmx80mm carbon fiber was stuck according to the center of 
a pars basilaris ossis occipitalis like the above. Furthermore, as shown in drawing 13 , the 250mmxl20mm carbon fiber cross 
was stuck on the border area of a pars basilaris ossis occipitalis and the body section. Attachment put the cross in order 
uniformly and performed it so that it might go around a mandrel. Next, only the width of face of a strand performed a winding 
to which the orbit of a winding is shifted to the hoop direction of a pars basilaris ossis occipitalis a little, and is similarly made 



as for an inscribed circle with a diameter of 60mm to it. If such a winding is performed, a crevice will hardly be made 
between up-and-down strands. After performing the winding of 1 round 16 times similarly, the carbon fiber cross of the same 
size as the above was stuck on the center of a pars basilaris ossis occipitalis, and the border area of a pars basilaris ossis 
occipitalis and the body section. After performing the winding which shifts some orbits of such a winding and is carried out 1 
round 1 6 times, the process which sticks a carbon fiber cross was repeated until the crevice between the strands in the body 
section was lost. 

[0058] Similarly hereafter, enlarging the diameter of an inscribed circle every 30mm, i.e., while enlarging the diameter of an 
inscribed circle gradually like 90mm, 120mm, and 150mm- The carbon fiber cross stuck on a pars basilaris ossis occipitalis 
enlarges one side every 30mm simultaneously, namely, it enlarges like 11 Ommx 1 1 Ornm, 1 40mmx 1 40mm, and 
170mmx 170mm-. in the stage of each inscribed circle The process of the winding of 1 round and cross attachment was 
repeated 16 times like the above until the crevice between the strands in the body section was lost. In addition, the size of the 
cross stuck on the border area of a pars basilaris ossis occipitalis and the body section was set to 250mmx 120mm from 
beginning to end. Thus, work was repeated, making the orbit of a winding shift to the low LAT from high latitude until it 
repeated a winding and cross attachment and the diameter of an inscribed circle became the almost same value as the diameter 
of the crucible body section, enlarging the diameter of an inscribed circle. 

[0059] However, in the winding mentioned above, the number of filaments of a strand and the number of the circumference of 
a winding were changed still as follows. In the winding by which the field of A shown in drawing 14 , i.e., an inscribed circle, 
comes among 45 LAT from the pars-basilaris-ossis-occipitalis pole (90 LAT), the number of filaments used 1 5000 carbon 
fiber strands. Moreover, in the winding which comes while being 45 - 30 LAT, the fields, i.e., the inscribed circle, of B shown 
in drawing 14 , the number of filaments used 30000 carbon fiber strands. Furthermore, in the winding which comes while 
inscribed circles are 45 - 30 LAT, the process which repeats with staggering the thing of 1 round to do for a winding and 
attachment of a cross for the orbit of a carbon fiber 16 times little by little in the stage of the same inscribed circle until a 
carbon fiber strand covers the body section without a crevice was repeated further once again, that is, **** [ among 45 - 30 
LAT / 2 ******** s ] jn the process which was one round among 90 - 45 LAT - it was divided Subsequently, in the winding 
which comes while C field shown in drawing 14 , i.e., an inscribed circle, is 30 - zero LAT, the number of filaments used 
60000 strands. Furthermore, it is 3 round ******** about the process which sticks the winding of 1 round, and a cross 16 
times in the stage of the same inscribed circle in the winding which comes while the LAT of an inscribed circle is 30 - 0 times 
until a strand covers the body section without a crevice. 

[0060] Moreover, the hoop volume performed the winding of a carbon fiber into the portion which runs short of the thickness 
of the body section, and the whole was made thick [ predetermined ] in the place where the thickness of a bottom became a 
predetermined value. 

[0061] By the above method, attachment of a winding and a cross was repeated and two Plastic solids were produced. It 
processed according to the general process which mentioned the obtained Plastic solid above, and the material of two carbon 
material crucibles for single crystal raising was obtained. The configuration of the obtained crucible is as being shown in 
drawing 15 . The size of a crucible is a bore dl. 760mm and outer diameter d2 785mm and the internal depth hi 460mm and 
height h2 465mm and inner skin radius of curvature Rl 750mm and periphery side radius of curvature R2 Radius of curvature 
R3 of the inner skin R section near 780mm and the body section 150mm and periphery side radius of curvature R4 of the R 
section It was 160mm. As mentioned above from the jar material which gets one piece, the sample was extracted, and bulk 
density and flexural strength were measured. It machined for the crucible material of another side, the carbon material 
crucible product for single crystal raising was obtained, silicon-single-crystal raising work was presented, and the life was 
evaluated. 

[0062] Except that the number of filaments of a carbon fiber used 30000 strands from the [example 2] beginning to the last, 
two materials of the carbon material crucible for single crystal raising were produced using the same method as an example I . 
The sample was extracted about the jar material which gets one piece similarly, and the bulk density and flexural strength 
were measured. The jar product which has machined for the crucible material of another side was obtained, 
silicon-single-crystal raising work was presented, and the life was evaluated. 

[0063] The crucible material was produced by the same method as an example I except having considered the process which 
sticks the winding of 1 round, and a cross 1 6 times until a [example 3] strand covers the body section without a crevice as two 
rounds from the beginning to the last. The physical test was presented with the jar which gets one piece like the above, and it 
obtained the jar product which has machined for the crucible material of another side, presented silicon-single-crystal raising 
work with it, and evaluated the life. 

[0064] Although the winding of the [example of comparison] carbon fiber strand tended to be carried out only on the orbit 
which passes along the bottom pole and it was going to produce the Plastic solid, a strand was not able to slide on after 600 
times of windings near the pole, and it was not able to continue a winding. The winding was stopped in such a stage, the 
Plastic solid which became incomplete was performed to high grade-ized processing according to the above-mentioned 
general process, the sample was extracted from the obtained material, and bulk density and flexural strength were measured. 
[0065] The above result is shown in Table 1 . In addition, the bulk density of a trichotomized type graphite crucible which 
does not use the conventional carbon fiber was [ about 400 kg/cm and the usable number of times of single crystal raising of 
about 1.8g/and flexural strength cc ] about 60 times. While the crucible by this invention had turned into a jar with which 
bulk density gets lightweight small therefore from the crucible which consists of the conventional graphite, it had higher 
flexural strength and was the longer thing of a life about single crystal raising further, so that clearly from comparison. 
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[0066] 




[0067] In the above-mentioned example, although the winding of a round was performed 16 times, it can be suitably changed 
according to the size of a crucible, a configuration, etc. by the winding of how many times it goes around. Moreover, various 
conditions, such as the diameter of an inscribed circle, the size of a cross, an attachment position of a cross, the number of 
filaments of a strand, timing of the change, the number of rounds of a process, and timing of the change, can also be changed 
suitably. 
[0068] 

[Effect of the Invention] According to this invention, it is lightweight, intensity is high and manufacture can offer the easy and 
long crucible for single crystal raising of a life. The crucible by this invention consists of carbon fiber strengthening carbon 
material in which the whole has high intensity, and it is equal to an operation of stress conventionally, and there are few 
problems of exfoliation of the resultant by the melting material steam, and they have the longer life. The practical crucible 
which has an outstanding property which was mentioned above by the manufacture method of this invention which was 
mentioned above can be offered. 



[Translation done.] 



